Abstract Increased salinity distresses some key species severely in Indian Sundarbans. Geomorphic characteristics coupled with demographic obligations have proven to be pivotal factor towards the prevalence of elevated salinity in this zone. Better adaptation to rapid changes in microclimate demands wide range of genetic polymorphism as well. RAPD and ISSR molecular markers were used for this genetic diversity study. Degree of polymorphism was found relatively higher in Bruguiera gymnorrhiza (26.43 % in RAPD and 24.36 % in ISSR) than the other taxa, Heritiera fomes (14.43 and 12.76 % respectively) in case of RAPD and ISSR. Dendrogram constructed based on the similarity matrix showed that for H. fomes, least saline and highest saline zones are positioned in the same clade; whereas in B. gymnorrhiza the higher saline areas were clustered together. Nei's gene diversity (h) as revealed from RAPD and ISSR analysis were found to be 0.0821, 0.0785 and 0.0647, 0.0592 in B. gymnorrhiza and H. fomes respectively. The higher degree of polymorphism as revealed from UPGMA Dendrogram and Nei's genetic diversity might be attributed towards the comfortable growth of B. gymnorrhiza all along the Indian Sundarbans. On the other hand the relatively lesser degree of genetic polymorphism of H. fomes might be attributed towards their precarious status in present days elevated salinity in Indian Sundarbans.
Introduction
Mangrove represents a divergent group of plant species possessing certain unique adaptive homogeneity to colonize in tropical and subtropical brackish world. The uniqueness of mangroves is in their adaptability in extreme weather conditions and fluctuating soil salinity. Different mangrove species adopt diverse salt management strategies to cope with the inhospitable environment of high salinity in terms of anatomical, physiological and molecular mechanisms (Das 1999; Nandy et al. 2007 Nandy et al. , 2009 Dasgupta et al. 2010) . Mangroves, the most fascinating, both economically and ecologically, imperative vegetation have been studied comprehensively for decades (Chapman 1976; Saenger et al. 1983; Tomlinson 1986; Kathiresan and Bingham 2001; Lacerda et al. 2002) . Mangrove forests are considered as enormous productive and protective ecosystems for the coastal environment and inhabitants. According to FAO report (2007) , the anticipated economic valuation is predictably to be worth about US$186 million per year. The dense root systems of mangrove species act as good soil binder and mitigate periodic sea surges. Hiraishi and Harada (2003) indicated that a mangrove stand of 30 trees per 0.01 hectare with a depth of 100 m can decrease the destructive force of a tsunami by up to 90 %. Mangrove forests are domicile to a large variety of fish, crab, shrimp, and mollusk species. Recently, the annual valuation of mangrove forest product (The combined values of collected wood and non-wood forest products and coastal protection) is estimated at US$12,392 ha −1 (Barbier 2007) . The existence crisis of this important habitat initiated after industrialization and development; conversion of agricultural land, aquaculture, human habitation, industrial runoff, and over exploitation are all considered as much threats on this estuarine vegetation (Alongi 2002; Giri et al. 2008 Giri et al. , 2011 . Mangrove ecosystems currently cover 146,530 km 2 across the tropical world which represents a decline from 198,000 km 2 of mangroves in 1980 and 157, 630 km 2 in 1990 2 in (FAO 2007 . Spalding et al. 1997 and Spiers 1999 commented that the current estimate of mangrove forests of the world is less than half of what it was once and maximum of which exists in a lean condition. Duke et al. (2007) opined that the decline of the mangrove forest occurs at a faster rate than any other inland tropical forest. The relative sea level rise could be the greatest threat to mangrove formation (Gilman et al. 2008) and it is postulated that 30-40 % of coastal wet lands and 100 % of the mangrove forest could be lost in the next 100 years if the current rate of denudation continues (Duke et al. 2007 ). These losses correspond to about 2.0 % per year since 1980 -1990 and 0.7 % per year within 1990 (FAO 2007 .
Sundarbans, the largest mangrove forest in the world, extended between 69°E-89.5°E longitude and 7°N-23°N latitude, is formed by the two important rivers of Indian subcontinent, the Ganga and the Bramhaputra, with their numerous tributaries. With the highest species diversity (36 true mangroves, 28 associates and seven obligate mangrove species representing 29 families and 49 genera) the forest area covers approximately 2152 km 2 in Indian territory (one third of the total delta, rest under Bangladesh) (Naskar and GuhaBakshi 1983; FSI 2009 ). Karim (1994) classified the whole Sundarbans using the salinity scale described by Walter (1971) as follows -a) Oligohaline Zone (soil Salinity ≤5 ppt), b) Mesohaline Zone (soil salinity ≤10 ppt) and c) Polyhaline Zone (soil salinity >10 ppt). Indian Sundarbans is placed in the Polyhaline zone (Fig. 1d) . Since the late twentieth century, damming on the lower Gangetic plain cut off a generous amount of freshwater influx through Hooghly and its tributaries to the delta region. Moreover, tectonic plate movement, has been leading to slow uplifting of the Bengal plate towards northwest (India) and subsidence in the east (Bangladesh) and thus the majority of the sweet water influx through the river system is being diverted to lower part of the delta, ultimately an elevated salinity persists in the western part (India) of Sundarbans; which has a direct impact on mangrove vegetation pattern. Urban sewage and industrial effluent accelerate silt formation in the riverbed causing decreased runoff of sweet water influx and caused elevation of salinity level in the delta region. As a result, the soil salinity in western Sundarbans reaches as high as 27 ppt (Nandy et al. 2007 ). These geomorphic and demographic adversities have proven to be distressing for some key plant species in Indian Sundarbans like Aegialitis rotundifolia, Heritiera fomes, Nypa fruticans, Xylocarpus granatum and Xylocarpus mekongensis (Banerjee 1999; Upadhyay et al. 2002; IUCN Red List 2013) . It has been experimentally proven that Heritiera fomes prefers less than 5 ppt salinity that prevails in Oligohaline zone (Huq et al. 1999 ) and the ridges of higher elevation that are inundated only during spring tide (Alim 1979) . Previously in the Western part of Sundarbans, the trees of Heritiera fomes used to be 2 m in girth, but even 1 m girth are no longer common and top dying disease is very frequent (Curtis 1993) . Decrease in sweet water influx in Sundarbans due to damming in major rivers and other anthropogenic activities have been evident in increased soil salinity and in addition to that unexplained top dying disease is putting H. fomes population at risk (GBP-IIT-ENB- DAT Report 2012) . This species can be abundant in some parts of its range in Bangladesh part of Sundarbans, but has limited overall distribution. In Indian Sundarban, this species is rapidly declining. In India, this species could only be found in 6 % of 100 sampling sites (Kathiresan 2008) .
A species without wide genetic diversity is considered to be incompetent to cope with changing environments (Schaal et al. 1991) and also adaptive response to hostility depends on the level of genetic diversity it contains (Ayala and Kiger 1984) . Mangrove plant communities have been the subject of taxonomic, floristic, physiological and ecological studies time to time (Muller and Hou-Liu 1966; McCoy and Heck 1976; Weber-El Ghobary 1984; Juncosa 1988; Juncosa and Tomlinson 1988) . Developments of molecular methods have provided opportunities to take mangrove research in new directions and to address unresolved issues in mangrove studies. Molecular markers have a number of apparent advantages over the morphological characters evaluation of genetic diversity. Most of the morphological characters are sensitive to environmental conditions and growths stages, whereas molecular markers are not prone to such factors and are abundantly present. Among the molecular marker techniques, RAPD has a number of advantages, such as ease of use, low cost and the use of small amount of plant material. RAPD was proved to be better as genetic marker in the case of self-pollinating species with a relatively low level of intra-specific polymorphism inferences concerning the histories of phylogenetic groups and geographical structure of populations are based on divergence of DNA sequences between lineages and on frequencies of allelic forms of genes within populations and differences in frequencies between populations. Studies on mangroves have also been benefited by molecular marker assisted techniques as reports on genetic diversity and molecular phylogenies of mangroves are emerging (Abeysinghe et al. 2000; Lakshmi et al. 1997 Lakshmi et al. , 2002 Parani et al. 2000; Mehta et al. 2005) . Genetic diversity is a trait of ecosystems and gene pools that depicts a characteristic, which is commonly held to be advantageous for survival Ge and Sun 1999; Maguire et al. 2002) . Studies on RAPD and ISSR markers are necessary, in order to establish base line information to assist future conservation and breeding programs of these species. Mangrove plants are defined ecologically by their occurrence in tidal zones along shorelines and in estuaries and physiologically by their ability to withstand high salt concentrations and low soil aeration. A rapid change of ecology affects the vegetation pattern of mangroves and it is now degrading to a large extent. Apart from the ecological and economic significance, its preservation is essential to maintain biodiversity and ecological balance. It is possible to characterize a plant species at a morphological basis, but it remains difficult to identify in a mixed population. Therefore, the use of molecular markers might develop the understanding of such situation. One major use of DNA techniques in conservation is to reveal genetic diversity within and between populations. Inter-simple sequence repeats (ISSR) is a DNA marker and this marker can be used without the knowledge of the sequence information of genomic DNA (Zietkiewicz et al. 1994) . DNA is amplified though polymerase chain reaction (PCR) using a single primer designed of a microsatellite sequence in this ISSR marker technique. Xia 2005 and Chen et al. 2005 opined that ISSR has reasonable cost, good reproducibility and mild technical complexity; permitting it's application in genetic studies of population. In view of the above, the present work aims to measure the comparative level of genetic diversity of the degrading taxa Heritiera fomes and the profusely growing taxa Bruguiera gymnorrhiza across different geographical regions with differential salinity level. Two molecular marker mediated techniques RAPD and ISSR were used for assessing the genetic diversity of both the plant taxa.
Materials and method Collection sites
The above mentioned two taxa were collected from naturally occurring five different islands of Sundarbans mangrove swamps. All sites are included in the core region, at the north-eastern part of western Sundarbans (Indian part) to southern extremity towards the sea (Bay of Bengal), without any demographic interference., namely Sajnakhali (22°07′ 26″ N 88°49′ 51″ E), Sudhanyakhali (22°06′ 05″ N 88°48′ 06″ E), Sonargaon (22°06′ 29″ N 88°46′ 23″ E), Jharkhali (22°01′ 13″ N 88°41′ 10″ E) and Dobanki (21°59′ 04″ N 88°44′ 38″ E) (Fig. 1 ). For each island or site, sampling was done from 6 locations with a minimum distance of 10 ft. The substrate salinity of these sites were in increasing gradient and measured as 11.77±2.1, 12.25±1.96, 12.4±1.18, 13.98±2.29 and 15.23±2.16 ppt respectively (Dasgupta et al. 2012) . The controlled mesophytic replicas of the studied taxa, well matured up to 15-17 years old, collected from the premises of Indian Statistical Institute, Kolkata, where the soil salinity was 2 ppt (Dasgupta et al. 2012) were also taken for comparative study.
Isolation of genomic DNA
Young leaf buds were used as the material for isolation of total genomic DNA for both of the plant samples i.e. Bruguiera gymnorrhiza and Heritiera fomes. The desired amount of leaf buds were weighed from all these plant species, which was followed by washing them with double distilled water. Qiagen DNeasy Plant Mini Kit was used for extraction of DNA from these samples following maceration with liquid nitrogen in a mortar pestle, in aseptic condition.
RAPD and ISSR analysis
For RAPD and ISSR analysis 20 ng of genomic DNA was PCR amplified. 26 decamer RAPD primers and 20 ISSR primers were used for assessing the genetic diversity of the plant species (Tables 1 and 2 ). Each reaction or amplification mixture of 25 μl consisted of 1.5 μl of 10X reaction Buffer, 25 mM Magnesium Chloride (MgCl 2 ), 20 pM of the RAPD primer, 2 mM DNTPs, 1 Unit of Taq Polymerase enzyme (Bioline) and Millipore water. The amplification was carried out in a Thermocycler (PEQLAB Primus 25 Advanced thermocycler). At the beginning, before the start of the cycles the DNA was subjected to denaturation at 94°C for 5 min. In the following 45 cycles the denaturation period was 45 sec, Primer annealing period was 1 min and primer extension period at 72°C was 1.30 min. The temperature for primer annealing period was adjusted based on the melting temperature (Tm) of the individual primers. One last cycle of only primer extension at 72°C for 7 min. was performed following which the temperature of the reaction mixture was allowed to come down to 10°C. PCR products were separated by electrophoresis using 1.5 % agarose gel containing ethidium bromide (0.5 μg/ml). The sizes of the amplicons were determined using size standards (Bioline make Hyper Ladder II). DNA bands were observed under UV transilluminator and photographed, which was later analyzed using various statistical software.
Statistical analysis
In RAPD and ISSR analysis, the presence or absence of the bands was considered. From RAPD and ISSR data a binary matrix was obtained and calculated using the multivariate analysis program NTSYS-PC (Rohlf 1993). Jaccard's coefficient (Jaccard 1998 ) was used to create a similarity matrix from the binary matrix. Phylogenetic dendrogram was obtained from this matrix by cluster analysis following the unweighted pair group with arithmetic mean (UPGMA) method (Sneath and Sokal 1973) , using NTSYS version 2.1, Exeter Software, New York, USA. POPGENE 32 (Yeh et al. 1997) Statistical software was used for calculating mean of observed no of allele per loci (na), mean effective no of allele per loci (ne), Nei's gene diversity value (h), Shannon's Information index (I).
Results

RAPD analysis
A total of 26 primers were used for this study. These primers produced a total of 227 bands in case of B. gymnorrhiza, with an average of around 9 bands which ranged from 8 to 11 bands per primer. Out of these 60 were polymorphic, that makes a total of 26.43 % of the loci were found to be polymorphic. Polymorphism was found to be relatively high in B. gymnorrhiza in primers OPA03, OPA08, OPA09, OPA 14, OPA 17, OPA19, RAPD 21, RAPD23, RAPD 25 and RAPD 26. The degrading taxa H. fomes reproduced relatively less polymorphism (14.43 %). H. fomes produced a total of 201 bands; of which 29 were polymorphic. Around 8 bands were produced on an average per primer which ranged between 6 and 9 bands per primer. OPA3, OPA7 and RAPD22 produced relatively higher no. of polymorphic bands for H. fomes among the 26 primer used. Figure 2a ,b shows gel photograph of amplified DNA bands with two RAPD primers for each of the two species.
ISSR analysis
A total of 20 primers were selected for this study. Here also the polymorphism was found to be relatively higher in case of the profusely growing plant taxa B. gymnorrhiza, as we observed in RAPD analysis. B. gymnorrhiza produced a total of 48 polymorphic loci among total 197 amplified bands producing 24.36 % polymorphism. Total no. of bands expressed ranged between 8 and 12 per primer. Nine primers i.e. ISSR3, ISSR5, ISSR7, ISSR8, ISSR 10, ISSR14, ISSR15, ISSR16 and ISSR19 produced the higher no. of polymorphic bands. H. fomes expressed a total of 188 bands, among which 24 were found to be polymorphic; which make the total percentage of polymorphism as 12.76 for this species. Total no. of bands per primer was found to be in the range of 7 to 12. ISSR5, ISSR7, ISSR13 & ISSR19 produced relatively higher no of polymorphic bands. 
Statistical analysis
RAPD analysis of B. gymnorrhiza produced a total of 227 bands out of which 60 were polymorphic. The mean of observed no of allele per loci (na) was 1.1757 and the mean effective no of allele per loci (ne) was found to be 1.1387 (Table 3 ). The Nei's gene diversity value (h) was 0.0821 and Shannon's Information index (I) recorded 0.1192. H. fomes recorded na value of 1.1169, ne value of 1.0647, h value of 0.0647 and I value of 0.0874. The genetic similarity calculated from the RAPD analysis data showed a higher rate of similarity UPGMA Dendrogram based on Similarity matrix constructed for RAPD analysis (Fig. 3a,b) shows in H. fomes the non-saline site, site I and the two most saline sites, i.e. site Vand VI are clustered together, where as in other taxa they are in distant clusters. Whereas in B. gymnorrhiza samples from the more saline zones are clustered in the same clade. ISSR analysis of B. gymnorrhiza produced a total of 197 bands out of which 48 were polymorphic. na, ne, h, I for this species was recorded as 1.1651, 1.1338, 0.0785 and 0.1187 respectively. One hundred eighty-eight bands were produced in H. fomes, out of which 24 were polymorphic. 1.0841, 1.0501, 0.0591 and 0.0787 were the respective na, ne, h and I values for H. fomes. For ISSR analysis UPGMA Dendrogram based on Similarity matrix was also constructed (Fig. 3c,d ). It again showed that site I, V and VI are clustered together in H. fomes; where as in other taxa they are in distant clusters. The data of both RAPD and ISSR were pooled and based on that UPGMA dendrogram was constructed following Jaccard's similarity matrix (Fig. 3e,f) . Here also in B. gymnorrhiza the samples from more and less saline zones were found in the same clade, where as samples from the most and least saline zones were clustered together.
Discussion Dodd et al. 2002 proposed that to understand the evolution of mangrove populations and predict their likely response to climate change, considerating the historical factors that shaped the present-day populations is of immense importance. The study of genetic diversity in natural mangrove populations (Lewontin (1972)) has not been done in detail till date, except for Avicennia species (Maguire et al. 2002; Arnoud-Haond et al. 2006; Nettel and Dodd 2007) . Thus, it is necessary to examine how genetic information in natural population may vary across different geographic and climatic areas by molecular markers. Molecular markers, unlike morphological markers, are not prone to environmental influences and therefore offer the vital information in the direction of the priority areas for conservation strategies. In this study with RAPD markers, it was found that the degree of genetic diversity or polymorphism is relatively much lower in H. fomes (14.43 %). The relatedness (proximity or distance) of genetic polymorphic expression of the studied taxa is evident from the constructed dendrogram (based on similarity matrix). The degrading species H. fomes, in extreme saline zone and mesophytic zone are clustering together (they are in the same clade). These two species have also showed their weaker efficiency in antioxidants (both enzymatic and non-enzymatic) production along the increasing substrate salinity ), which in turn points towards lean sustainability in increasing saline zones. Whereas the other species i.e. B. gymnorrhiza has relatively higher degree of genetic polymorphism (26.43 %), which might be attributed to protection against Reactive Oxygen Species; thus posing this species more sustainable in the increasing saline condition of the present days' Sundarbans. On the other hand the relatively low polymorphism level as proven by RAPD and ISSR analysis in Heritiera fomes might be attributed to relatively less ability to scavenge ROS at higher saline areas which might in turn be attributed to one of the major reasons for the unfavourable existence leading to gradual natural demolition of this taxa from the Indian part of Sundarbans. Genetic Diversity is regarded as the prerequisite for any species to cope with changing environments or evolving competitors and parasites (Schaal et al. 1991; Ayala and Kiger 1984) . Therefore, studies of genetic structure within and between species may not only illustrate the evolutionary process and mechanism, it would also provide valuable information for natural conservation of the stressed plant species. Askari et al. (2011) commented that retaining the integrity of species as well as their genetic diversity is one of the vital interests for policies and serious steps are to be taken in order to protect individual which are in danger of extinction. Thus, marker assisted polymorphic study is essential for determining the genetic diversity among a population. The high reproducibility of ISSR markers may be because of using longer and site specific primers and higher annealing temperature than those used for RAPD. Zietkiewicz et al. 1994 commented that ISSR technique, based on its unique characters, has higher reproducibility than isozyme and has superior stability than RAPD. In this experiment, the percentage of genetic polymorphic nature expressed by B. gymnorrhiza (24.36 %) was found to be superior to the other one, H. fomes (12.76 %). In the clustering analysis on the basis of allelic similarity, H. fomes showed least distances occur among the mesophytic and higher salinity grown individuals. To clarify genetic diversity, genetic structure, the relationship between genetic distance and geographical distance, and to provide basic data and scientific basis for effective protection, ISSR molecular marker technology is considered to be a useful tool to study the genetic diversity of the studied taxa. Shen et al. (2005) opined that the genetic diversity at the species level, the product of long-term evolution, is a prerequisite for survival and development. Studying the genetic diversity and genetic structure of a species is the basis of exploring its adaptability and viability. Adaptability and evolution of a species are based on the level of genetic diversity present in populations, which reflect the richness of diverse genotypes in a specific environment. The percentage of polymorphic loci can be used as indicator to measure the level of genetic diversity (Chen et al. 2010) . In the present work, H. fomes exhibited a lower level of diversity percentage (as revealed from RAPD and ISSR data), which might be ascribed to their passive sustainability in the elevated saline regime. From the genetic perspective, a higher level of genetic diversity results in a greater ability to adapt and evolve (Li and Chen 2004) . Low genetic diversity can result in reduced adaptability and increased occurrence of less beneficial genes, leading to eventual extinction of the species and thus the lower level of diversity within populations should be paid special attention. The level of genetic diversity can provide very important information about the status of a species, an assessment of its conservation value, and ex situ conservation. Different genotypes in different habitats have different fitness, which causes the same genotype to clump together into more suitable microhabitats.
Currently there are very limited resources of natural habitats of H. fomes population in Indian Sundarbans and thus the most important aspect in protecting these resources, is maintaining their genetic diversity. The richness of genetic diversity determines the ability to adapt and evolve; it also provides very important information on the status of a species and its conservation value. When selecting the best provenance for introduction and transplantation, quality groups and individuals for genetic improvement, special attention should be paid to the populations and individuals that come from special habitats or demonstrate irreplaceable uniqueness. The Sundarbans have been under systematic management since long back. However, unremitting pilferages of precious plant species are a major risk to sustainability (Naskar 1999) . A continuous yield principle under the selection scheme was in practice in the past and weighted was given mainly to two or three timber species, including Heritiera and Xylocarpus. Dasgupta and Shaw 2013 opined that mining of goods and enlarging arable land are the main source of anthropogenic pressure on these protected forests. Although lately, special emphasis has been given on ecosystem management and timber felling has now been prohibited. This alongwith enrichment planting has started to refurbish forest health (Siddiqui 2001) . Higher successful conservation extracts adaptation cobenefits and vice versa, as for example in Netherlands bioembankments and beach nourishment have provided efficient defence against coastal erosion along the coasts (Inman 2010; Kazmierczak and Carter 2010) . In the Sundarbans, an interdisciplinary collaboration between natural and social scientists has become mandatory to develop policies addressing conservation and climate change adaptation (Ghosh et al. 2015) . The government of West Bengal has recently taken up this issue for the Sundarbans and have announced a number of development measures including ecotourism infrastructure (Dinda 2007) . Integrated plans to amplify the supply of freshwater to the Sundarbans are necessary through excavation of riverbeds and review of treaties with our neighbouring countries. Inside the ridge of tidal forest zones in the Sundarbans forest some of the H. fomes are noted, but the growth is relatively much rarer on the river side. The disparity in growth as observed may be due to higher salinity towards the river side forest and more human pressure on the river side trees than the inside forest area.
The present study concentrated on these above endangered plant species with the aim of resource survey analysis. Enhanced salinity level that prevails in the Western Sundarbans (Indian part) has proven to have a deterioration effect on vegetation pattern in terms of structure (species diversity, abundance) and its function (survival, growth and reproduction). Apart from the ecological and economic significance, their sustainability is posing a challenge to the scientific world to uphold biodiversity and ecological equilibrium. Given the marked uniformity of zonation pattern, vegetation array might be advantageous in inferring the effect of minor changes in coastal conditions and as such, mangrove vegetation would be worthwhile as biological indicator. A better understanding and prioritization of the conservation technique towards sustainability of these plant community grown in different inhospitable substrate and microclimate demand to explore their certain biochemical behaviour (like determination of different secondary metabolites in relation to efficient ROS scavenging ability), documentation of stress related isozymes and marker mediated PCR based DNA polymorphism study. The phenotypic changes do not always suffice to infer the extent of hostility the plant is exposed to, whereas, the extent of genotypic shifts even within a population indicate the compatibility of that species with its environment. Thus, a documentary study to the above direction is necessary on the endangered species of the western (Indian) Sundarbans in order to infer a better strategy for their conservation and sustainable utilization.
